exercise, knee pain, Thera-hand, and elastic in a variety of combinations. Studies of knee osteoarthritis, Osgood-Schlatter disease, patella tendonitis/tendinosis, patella dislocation, plica, and meniscus were excluded. Clinical trials greater than 4 weeks in length were scanned for the use of elastic resistance in the protocol. The study design, sample, intervention, outcomes, and clinical implications were reviewed (Table 1 ). In addition, PEDro scores (http://www.pedro.org.au), where available, were determined (Table 2) .
Results
Eight clinical studies met the criteria for this review.
Study Design
Seven studies were randomized prospective studies; 1 was retrospective. 7 Only 1 study 13 used a nonexercising control group. Most studies used a "quasi-control" design: The exercise group was the control limiting the conclusions (Table 2) . Two studies received PEDro scores of 7 (out of 10), 11, 15 generally limited by blinding of raters and subjects.
Sample
All but 1 study 15 had 20 or more participants. Adequate power was found in 3 studies. 3, 11, 20 The analyzed studies had similar inclusion and exclusion criteria. One study 7 investigated patients with "lateral patellar compression syndrome," with diagnostic criteria similar to PFPS. Most samples included both males and females, although all studies had a greater number of females, representative of the PFPS population.
Intervention
All interventions lasted 4 to 12 weeks, with most lasting 8 weeks. Only 2 studies specified the intensity and volume of the elastic resistance exercise progression. 3, 20 Overall, welldefined protocols with elastic resistance exercises were lacking, limiting the replication or clinical application of the study and threatening external validity. Most studies combined multiple modes of exercise within groups, such as stretching, balance, and cardiovascular exercise, precluding analysis of exercise mode effectiveness. Elastic exercise was separately evaluated in 2 studies.
15,20 Thomee 20 found no difference between the elastic Table 2 . PEDro scores from clinical trials using elastic resistance to treat patellofemoral pain syndrome. and isotonic groups. Nakagawa 15 noted some additional benefit to adding specific elastic resistance exercises for the hip.
PEDro
Two studies on healthy participants showed that elastic resistance exercises are as effective as isotonic resistance exercises for muscle activation and improving strength. 1, 6 Adding elastic resistance to terminal knee extension exercise significantly increases vastus medialis obliquis and vastus lateralis activity. 25 Hopkins et al 10 analyzed leg pulls with surface electromyogram, noting higher levels of vastus medialis activity.
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Outcomes
All studies reported significant reduction in pain regardless of the exercise intervention. Electrical stimulation, orthotics, patellar taping, biofeedback, and arthroscopic surgery had little to no additional benefit. Four studies assessed functional outcomes, 3, 9, 11, 13 reporting significant improvements over time without between-group differences. Three studies 11, 13, 20 found significant improvements in strength, whereas 1 study did not. 3 One study 15 found improvements in quadriceps strength but not at the hip.
discussion
Elastic resistance exercise appears to be as effective as other modes of resistance for PFPS. Electromyogram studies have confirmed that elastic resistance is comparable to isotonic exercise. 1, 6 The overall lack of blinding and suitable control groups reduces the ability to detect differences based on elastic resistance alone. Unfortunately, none of the reviewed studies used isolated elastic resistance exercise as an independent variable in PFPS interventions.
The cause of PFPS is not well established; patients may exhibit different impairments (ie, hip weakness versus knee weakness). Stratification by impairment may help improve clinical decision making for therapeutic exercise prescription. A systematic review of females with PFPS showed hip weakness, indicating strong evidence for decreased strength in hip external rotation, abduction, and extension compared with controls. 27 Eccentric hip abduction and adduction are weaker in females with PFPS, whereas rotation strength appears normal. 12 conclusion In summary, exercise interventions including elastic resistance in patients with PFPS are effective at reducing pain and improving function and strength.
